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1 
Introduction
In RAN4#68bis meeting, the system level simulation assumptions were agreed [1] to further evaluate the new RSRQ definition.
To make the contribution self-contained, the definitions of old and new RSRQ are given as

•
Old RSRQ

Uses the current definition in 36.133, RSSI is computed only on symbols that contain CRS

•
New RSRQ

RSSI is the linear average of total received powers in all OFDM symbols and in the measurement bandwidth in 1 subframe over the number of OFDM symbols in that subframe.
And in the last meeting, a WF was agreed on no changing in Rel-11 RSRQ definition [6]. Therefore in this contribution, further analysis and comparison between two RSRQ definitions beyond Rel11 are given based on the system level simulations. The corresponding system and implementation impacts are also discussed.   
2 System and Implementation Impact Discussion
It has been recognized that the performance impact should be the eventual consideration to decide the RSRQ definition. Based on the discussion in RAN4#68bis, the major system concern of RSRQ includes inter-frequency measurement for handover and cell loading balance purposes. For the intra-frequency measurement, RSRQ may not be critical in synchronous network. However, it is not very clear if the same RSSI can be assumed for all measured intra-frequency cells. As a result, RSRQ may still matter.

Observation 1: The major system impacts of RSRQ include, but not limited to, inter-frequency measurement for handover and cell loading balance purposes. In asynchronous network, the RSRQ can be also concerned for the intra-frequency handover.
In E-UTRAN, handover procedures should be triggered by eNB depending on RSRP/RSRQ measurement reports for both serving and neighbor cells. When the offset between RSRQ reports from the serving and neighbor cell are larger than a pre-determined threshold, event A3 can be triggered to make UE handover to the target cell with better receiving signal quality. The threshold is determined to avoid so-called ping-pang effect. It is jointly determined by a few parameters defined in TS36.331, which include a3offset, Hysterresisa3 and CelllndividualoffestEutran. CelllndividualoffestEutran is applied individually to each neighbor cell with load management purpose. As a result, the impact of handover and cell loading balance can be jointly considered.  
Observation 2: Event A3 is triggered when the offset between neighbor cell and serving cell is larger than a threshold. The threshold is jointly determined by a few parameters defined in 36.331, which include a3offset, Hysterresisa3 and CelllndividualoffestEutran.

Observation 3: The cell loading management has been considered in the threshold by parameter CelllndividualoffestEutran. Therefore, no separated discussion on the cell loading is needed. 

To facilitate the discussion, a term RSRQ_offset for both old and new definitions are introduced as

RSRQ_offset_new = RSRQ_new(serving_cell) – RSRQ_new(neighbor_cell)

RSRQ_offset_old = RSRQ_old(serving_cell) – RSRQ_old(neighbor_cell)

The system impact on the handover can be measured by the probability when an event A3 is triggered under one RSRQ definition but not in the other one under the same system condition. In other words, the different RSRQ definitions may have system impact if RSRQ_offset_new>threshold and RSRQ_offset_old<threshold, or the other way around. Obviously, if the difference between RSRQ_offset_new and RSRQ_offset_old is small, the associated system impact should be considered as small. This is due to the fact that the chance when the threshold falls between RSRQ_offset_new and RSRQ_offset_old is low. As a result, a term RSRQ_offset_new_old is introduced, where 

RSRQ_offset_new_old = RSRQ_offset_new - RSRQ_offset_old 
It is noted that all the discussion above does not consider the RSRQ measurement inaccuracy defined in 36.133. If the RSRQ measurement inaccuracy is much larger than RSRQ_offset_new_old, the system impact of different RSRQ definitions is obviously trivial.

Observation 4: With different RSRQ definitions, the system impact on the handover can be measured by the probability when an event A3 is triggered under one RSRQ definition but not in the other one under the same system condition. This probability is largely determined by the distribution of RSRQ_offset_new_old.
Proposal 1: To evaluate new/old RSRQ impacts on the system mobility management performance, a term  RSRQ_offset_new_old is introduced as
 RSRQ_offset_new_old = RSRQ_offset_new - RSRQ_offset_old
Where RSRQ_offset_new = RSRQ_new(serving_cell) – RSRQ_new(neighbor_cell) 

RSRQ_offset_old = RSRQ_old(serving_cell) – RSRQ_old(neighbor_cell)

The eventual system impact on the handover should be determined by the distribution of RSRQ_offset_new_old and the RSRQ measurement accuracy requirements in 36.133
From the implementation perspective, obtaining RSSI over the entire subframe requires more energy and computation complexity than the case where only CRS OFDM symbols are considered. Depending on the implementation, the number symbols to be processed in the new RSRQ definition is about 3.5 times of the old one. If the number of carriers to be measured is large, the corresponding computation consumption and complexity can be quite significant.

Observation 5: Depending on the implementation, the number symbols to be processed in the new RSRQ definition is about 3.5 times of the old one. If the number of carriers to be measured is large, the corresponding computation consumption and complexity increase can be quite significant.

3 Simulation

Since PDCCH transmission in the interference cells should be taken count into RSSI measurement regardless PDSCH loading, a typical measurement scenario with asynchronous interference cells is given in Figure 2
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Figure 2. A typical RSRQ measurement in case of asynchronous network  
Other detailed simulation assumptions for RSRQ system level simulation are listed in Table 1 in the appendix.
The simulation results for CDF of new/old RSRQ are shown in Figures 3.  
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Figure 3. CDF of RSRQ simulation results 
From the results above, we can see:
Observation 6: When the interference cell is fully loaded, the CDF for two RSRQ definitions are identical. Even in case of light loading scenarios (e.g. 25%, 50%) RSRQ variances between two definitions are not significant. e.g. less than 2dB at 90th percentile. 
Per discussed in the previous section, the distribution of RSRQ_offset_new_old is also studied. The RSRQ_offset_new_old distribution is obtained based on various degrees of RSRQ_offset_old, which is used to indicate the power imbalance between serving and neighbor cells. For each RSRQ_offset_old level, the mean of RSRQ_offset_new_old is derived. As shown in Figure 4, 90% of RSRQ_offset_new_old is below 0.5dB for all the cases studied. If more realistic handover scenarios are considered where RSRQ_offset_old should not be too small, e.g. >-3dB, RSRQ_offset_new_old is further limited by 0.3dB.
Observation 7: Based on the system level simulations, the 90% of RSRQ_offset_new_old is less than 0.5dB. When more realistic handover scenarios considered (e.g. RSRQ_offset_old >-3dB), the RSRQ_offset_new_old is upper bounded by 0.3dB. 
Based on the relative RSRQ accuracy requirements defined in 36.133, up to ±3dB inaccuracy is allowed. If imperfect RSRQ measurement is assumed, the RSRQ_offset_new_old can be reformulated as
RSRQ_offset_new_old <RSRQ_offset_new - RSRQ_offset_old ± 6dB
As noted in the observation 7, only 0.3-0.5 dB differences are observed based on old and new definitions. Obviously, such difference is negligible compared to the ±6dB due to relative RSRQ accuracy requirements. 

Observation 8: Based on the relative RSRQ accuracy requirements defined in 36.133, up to ±3dB inaccuracy is allowed. A fraction of dB difference due to old and new RSRQ definitions are too small to make any non-trivial system impact.
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Figure 4. Distribution of RSRQ_offset_new_old
Based on the simulations and the analysis, it is proposed
Proposal 2: It is proposed to make no change on the existing RSRQ and RSSI definition
4 
Conclusion
In this contribution, system level simulation results based on the agreed simulation setup [1] are presented. From the simulation results and analysis, some clear observations can be summarized as
Observation 1: The major system impacts of RSRQ include, but not limited to, inter-frequency measurement for handover and cell loading balance purposes. In asynchronous network, the RSRQ can be also concerned for the intra-frequency handover.

Observation 2: Event A3 is triggered when the offset between neighbor cell and serving cell is larger than a threshold. The threshold is jointly determined by a few parameters defined in 36.331, which include a3offset, Hysterresisa3 and CelllndividualoffestEutran.

Observation 3: The cell loading management has been considered in the threshold by parameter CelllndividualoffestEutran. Therefore, no separated discussion on the cell loading is needed. 

Observation 4: With different RSRQ definitions, the system impact on the handover can be measured by the probability when an event A3 is triggered under one RSRQ definition but not in the other one under the same system condition. This probability is largely determined by the distribution of RSRQ_offset_new_old.

Observation 5: Depending on the implementation, the number symbols to be processed in the new RSRQ definition is about 3.5 times of the old one. If the number of carriers to be measured is large, the corresponding computation consumption and complexity increase can be quite significant.

Observation 6: When the interference cell is fully loaded, the CDF for two RSRQ definitions are identical. Even in case of light loading scenarios (e.g. 25%, 50%) RSRQ variances between two definitions are not significant. e.g. less than 2dB at 90th percentile. 

Observation 7: Based on the system level simulations, the 90% of RSRQ_offset_new_old is less than 0.5dB. When more realistic handover scenarios considered (e.g. RSRQ_offset_old >-3dB), the RSRQ_offset_new_old is upper bounded by 0.3dB. 

Observation 8: Based on the relative RSRQ accuracy requirements defined in 36.133, up to ±3dB inaccuracy is allowed. A fraction of dB difference due to old and new RSRQ definitions are too small to make any non-trivial system impact.

Consequently, it is proposed
Proposal 2: It is proposed to make no change on the existing RSRQ and RSSI definition
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6 Appendix

Table1: System level simulation assumptions

	Parameter
	Setting

	Cell Deployment scenario
	19 Macro cells, 3 sectors/cell, 10UEs/sectors

	ISD
	500 m

	Maximum eNodeB transmit power
	Macro: 46 dBm

	Subframe alignment between two cells
	· Asynchronous: randomly distributed in [0~13] OFDM symbols

· synchronous

	Frequency / bandwidth
	2GHz, 10 MHz

	Cyclic prefix
	Normal

	Channel model, UE speed
	ITU Urban, 3 km/h

	Number of CRS antenna ports
	2 CRS antenna ports

	Traffic load
	· 3-symbol PDCCH+11-symbol PDSCH: x%

· 2-symbol PDCCH+no PDSCH: (1-x%)*50%

· 1-symbol PDCCH+no PDSCH: (1-x%)*50%

	Path loss
	Macro to UE: L= 128.1+37.6log10(R)

	Shadow fading
	Lognormal, std. deviation=10 dB, 

shadowing correlation between cells=0.5

	Penetration loss
	20 dB

	UE distribution
	Uniform (macro UEs)

	RSRQ measurement bandwidth
	6, 25 RBs

	RSRQ L3 filter
	Not enable

	L1 measurement period
	5samples over 50ms
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